The Newtonian solid-mechanical theory of nodeless spheroidal and torsional elastic vibrations trapped in the crust of quaking neutron star is outlined and applied to the modal classification of the quasi-periodic oscillations of X-ray luminosity in the 
Introduction
Recent discovery of quasi-periodic oscillations (QPOs) of X-ray luminosity in the aftermath Following the above interpretation presuming the dominant role of elastic restoring force, in most of current theoretical works focus is laid on computing the frequency spectra of odd-parity torsional mode of shear vibrations and less attention is paid to the even parity spheroidal elastic mode. In the meantime, from viewpoint of modern global seismology (Lay, Wallace 1995) , spheroidal vibrational mode (s-mode) in a solid star and planet has the same physical significance as the toroidal one (t-mode) does in the sense that these two 
From now on u i (r, t) stands for the field of material displacements in the crust. The density ρ and shear modulus µ (which in general are functions of position) are the input parameters of the method. The linear relation between tensors of shear stresses σ ik and shear deformations or strains u ik is the Hooke's law of shear elastic deformations. The conservation of energy is described by equation
The field u(r, t) can be conveniently represented in the following separable form
where a(r) is the field of instantaneous (time-independent) displacements and α(t) stands for the temporal amplitude of vibrations. Inserting (3) in (2) we arrive at equation for α(t)
having the form of standard equation of linear oscillations
In what follows we focus on regime of nodeless spheroidal and torsional modes of axisymmetric shear oscillations. In this regime, the solenoidal fields of material displacements . In spherical coordinates with fixed polar axis z, the instantaneous displacements in the spheroidal mode -a s are given by the even parity poloidal (polar) vector field and in the torsional mode -a t by the odd parity toroidal (axial) vector field, respectively:
Henceforth P ℓ (cos θ) stands for the Legendre polynomial of multipole degree ℓ and A ℓ and B ℓ are the arbitrary constants to be eliminated from boundary conditions on the core-crust interface and on the star surface.
Spheroidal mode. The poloidal field of nodeless instantaneous displacement a s in s-mode is irrotational: ∇ × a s = 0 (Bastrukov et al 2007b) . To specify A ℓ and B ℓ we adopt on the core-crust interface, r = R c , the condition of impenetrability of seismic perturbation in the core. On the star edge, r = R, we impose the condition that the radial velocity of material displacements equals the rate of spheroidal distortions of the star surface
The solution of resultant algebraic equations leads to following values of arbitrary constants
,
Tedious but simple calculation of integrals (5) with poloidal field a s yields
The fractional frequency of nodeless spheroidal irrotational shear vibrations as a function of multipole degree ℓ is given by
It worth noting that in the limit of zero-size radius of the core, whose most conspicuous feature is that the frequency as a function of intrinsic parameter λ of oscillating system ω s (ℓ = 1, λ) → 0, when λ → 0. In the model under consideration this parameter is given by λ = (R c /R). The limit λ = 0 belongs to translation displacement of the center-of-mass of the star, not a vibration; this is clearly seen from expression for energy (4) . In the next section we show how the input parameters of obtained spectral equation (13), namely, the natural unit of frequency ν 0 and the depth h of seismogenic layer can be extracted from the data on QPOs for SGS.
Toroidal mode. As was stated, the torsional oscillations is of particular interest in view of the current discussion of discovered QPOs in the bursting x-ray luminosity of soft gamma repeaters. The parameters of inertia M t and stiffness K t for toroidal mode computed by use of the above expanded energy variational method are presented in recent work (Bastrukov et al 2007a) . The resultant spectral equation for the fractional frequency of nodeless torsional oscillations can be presented in the following analytic form
Note, in the limit of zero-size radius of the core, λ = (R c /R) → 0, the last equation and SGR 1806-20
The obtained spectral formulae (13) and (15) Table 1 of paper by Watts & Strohmayer (2007) ] as reference points and vary parameters ν 0 and h entering our spectral formula (15) for torsional mode so as to attain the best fit of these points. The result of this procedure is shown in upper panel of Fig.2 by solid line. Then, making use of the fixed in the above manner parameters ν 0 and h, we compute (with the aid of spectral formula (13)) the frequency of spheroidal mode ν( 0 s ℓ ). The application of this procedure to modal analysis of QPOs data for SGR 1806-20 is pictured in down panel of Fig.2 . Based on proposed in the above mentioned paper identification of the following points ν( 0 t 2 ) = 30 Hz; ν( 0 t 6 ) = 92 Hz and ν( 0 t 10 ) = 150 Hz we extract parameters ν 0 and h entering in our spectral formulae for torsional mode, equation (15) .
In Fig.3 we highlight by triangles two non-identified before low-frequency QPOs in data for SGR 1806-20 (Israel et al 2005) , namely ν = 18 Hz and ν = 26 Hz. The extrapolation to low-frequency region of spectral formulae (13) and (15) leads us to conclude that the latter low-frequency points can be interpreted as manifestation of the dipole toroidal, 0 t 1 , and the dipole spheroidal, 0 s 1 , overtones of nodeless shear elastic vibrations, respectively, that is, ν( 0 t 1 ) = 18 Hz and ν( 0 s 1 ) = 26 Hz.
As to high-frequency points ν = 626 Hz and ν = 1840 Hz in data for SGR 1806-20 is concerned, the lack of observational data makes the above scheme of identification less effective. Putting these points on spectral curve for torsional mode ν( 0 t ℓ ) extended to very high value of ℓ, we get ν( 0 t ℓ=42 ) = 625 Hz and ν( 0 t ℓ=122 ) = 1840. However, if one puts these points on the spectral curve for spheroidal mode ν( 0 s ℓ ), we obtain the following identification ν( 0 s ℓ=30 ) = 625 Hz and ν( 0 t ℓ=87 ) = 1840. The last case may be more favorable because the higher multipole degree of oscillations the less their lifetime (Bastrukov et al 2007b) , and low-ℓ overtones have, therefore, more chances for surviving. But one must admit that this viewpoint is highly questionable and should be thought of as suggestive, not conclusive.
Summary
The spectral equations for the frequency of nodeless spheroidal and torsional seismic vibra- 
